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ABSTRACT

The Dynasorb Boergy Unit, developed 12 the
Lookheed -Engineering Laboratory, is adeptable to
many spplicetions as s chock absorber or load
limiter., Design procalures based on previously
reported date ar: described, sod several typical
installaticas are illustrated.

This report is subaitied in fulr!llrsni of
the reporting requirements of a 1963 Ind~vendeat

Developnent Projeet, "Energy Absorption Products.”

W

- RIS S PRI 7 VLI et NCSY SRR TITST e Ah B} llie & oo s 6 . & el B e e

N ek it

e Cunatin

Ao )

PRI Y]

PR

ORI A,
- YW AN Y SR

,r."-_j-)-,ﬁ:o_ .

"'"'f’\"", . s ""C't"'z, BT, S Y Ty




[ POV SIPe RS IS W §

‘,_
(-

14

e

P e gr————

"y

T —

— .
i LOCKHEED * CALIFORNIA COMPANY
A DIVISION OF LOCKHEED AIRCRAFT CORPORATION

REVISIONS ateont nob R 17201

Title

8\.:9!7..........
Introduotion » + « ¢ « o

DescriptioBe o o ¢ o o o o

M.m.im......-o

Design of Splitt~r Ring. .

Design cf Control Ring .

m'i@ Discussioie « ¢ o o

mdi@s‘mo._ooo

fpecial Considerstions , .

List of Syﬂbo‘;ﬂo e o o o o

Referenced . « o« « o o o o

2

P

Test.

TAELES

1. Materiels Limits . . .
FIRRE

l. Dypasarb Enargy Unit .

2. Dynasord Unit After Drop

3+ Cone Type Splitier Rings . . .
4,

5.
6.
I
a.
9.

Cove Type Splitter Rings . . .
Controllllnan.........

Compression Load Limit Curves,

Tube minimux Redivs Curves . .

Tvibe Thickness Curvese « o« « o

Plastic Deformation Curves . .

*

PAGE MO

41

ER2EEREE wnnmf

e A At e A A N s,

o O v
TR A

PORM 4020

* lr! “‘I, 'ﬁ ﬁ""f‘-’" '\ ™

700 o

ALY

~

F e IR i et et et
Eah - P

Ana'd acsubeidl? i -

b2

S AR

¢ 8

% BB




TPAPUP—
Aentd i

o i e nal o

S e

e S anbia

o -
A, 4 s WA A0 Jmblvns .

Shie diar i) & i ag

Py e

TP
PPy

—— T
[N IR T

-

A ash

LOCKMEED » CALIVORNIA COMPANY
A DIVISION OF LOCKMHEEU AIRCRAFT CORPORATION

REVISIONS rerorY no. 17201

DX (Cont.)
Title
10. Laniing Gear Applicaticmle ¢ « ¢ o ¢ o o o <
11. Dynssord Unit With Low Load Springe « « « o
12, Parschute Dropped Prckege With Bkide, « « «
13. Cormer Shock Absorber of Fige 22¢ ¢ ¢ ¢ . @
14, Low Load Factor Cargo Packags o ¢ ¢ o o 2 o
15. High Loed Factor Cargo Packegoe « « « o o o
16. High Lozd Factcr Bumper insiallation. « o o
17. Low Load Plus Righ Loal Bixper Installation
18. Highway Guard Rail Installation « ¢ « - . o
W

pLE

SS’SB"&’S‘&‘G'&‘-E’

FOAM 4020

RSty qatiie s Mas At i e cntne o o nd

N T TR e - A SA 2 8 - .

i v e et Tt .o s . I AR
T S A - B R . DY A T
e T e DN - .

bt Al is Sias Mdeabiad

Bhevalenl i coll cniadth A an 2 N
B . [




ML R ik

A | LOCKHEED + CALIFORNIA COMPANY
{ r A DIVISION Of LOCKHEED AIRCRAFT COIRPORATION
: ;'i REVISIONS neroay o, 17201
1 ( PAGE NOC. 1
]
x
r
b 3
4 -
3 }
3 SUMMARY 3
8
Ei Although the Dynasorb Unit can be g 4
S
Lj adapted to almost every need for ane shot 1 *
. b
E j ezergy abeorption, it requires ccnsiderable . 4
: !
E 1 devailed design., Design prwcedures and ; ¢
l i limitations are discussed. Several -[ b
1llustrations of typical instellstloas are IL 3
; saown. This unit can be used a3 8 cultie F b
<4
_» purposec load limiter, as s one shot lond- L
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DESICH PROCEDURES FOR TFE DYNASORB FNZRGY ABSORI™R
T¥IRCDUCTION

The efficient Dynascrb mcthod of absorbing emergy cox be used for
one-shot landing devices, for crash safety, and for load limiting.
This principle, in essenze, consists of ¢ 2suming & tube “rom one end,
end thercby maintaining the tubed original strength as & colum. The
load level can be pre-set at & low streas that permits long colvm
conditioas or it can be pre-set to wvork the tube near its yield
strength. The latter method 18 more efficlent fro= - gtreigth
to weigkt stondpoint but the length r:dt be in the short coluwn range.

The tube is consumed vy spiitting {rom one end to form ritbdboas

wvhich then, &3 a natural process, ©oll up into capnct colld. ope-
cause these splits progress oaly as fart ns the tube 18 pushed through

the control rirgs the tube maintains or improves its colum streagtine

The initial dcvelopment end tests on scveral hundred tubes are
described in Refereaces 1, 3 eand 4, This report reviews th. dsta

from this referenced materinl apd describes basic design proccdures
an’ limitations.

| Dr _RIPTION
A typical tube end vith innar and outer rinre is shova in Flguwre 1.

The tube 1s initially slit a short distance to ssaure that ths split-

ting and ribbon farmation will develop in a ‘miform pattern. The

ioner ring serves as & gulde, oxpander, splitter and ribbon curler.

The outer ring regulates the tube inad by the emount of “squeeze” it

puts on the tube. Therefore, tc identify the ripgs with their respective

functions, the cuter ring 1s oalled the "coutrol™ ring snd the ipner

ring is called ths "splitter” ring.
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A typical tube with rolled up ribboms is shown in Figwe 2. This
tube is shown after test and represents the basic Dyossorb unit without
the aecessary end fittings for use in o landing device, There are
many variations for emd fittings that will depend \on each particular
appiication. It is spparent that little or no #«nd fitting detail would
t: required far "guided masse” aprlicatiocons.

The tube is designed in the coaventlonal manner to take ths naximum
expected load, The optimum thickness, diameter and material are
chosen to match the required load and trevel leagth. This tube fe
considered a pitv-ended column in most cases. The wsplitting end must
alvoys be treated as pin-ended. The other eod may have moment carry-
ing capability built into it if this is warrented by the particuler
design application.

In any design the total kinetic energy to be sbesorbed is known or
assumed in advance, and the dissipation of this energy can be achieved
only by the decelcrating force integrated over the travel distance.

If coe ar the other of these two factors is altered, the other must de
adjusted to meet the equilibrium requirements of & given evergy irput.
It is obvious, therefore, “bat the minimum travel distence will be
required vhen the maxioum allowable load 1 maintained at a constant
leval throughot the cutire energy stroke. The actival energy sbsorptiocan
curve vill not be en exac* recteangle so allovaace must be made for

some lomd variation. Furthsrmore, 1006 officiency may not Lo desirable
in all cases, since this necesamyily implies that a "jerk” will occur

at the beginning end at the end cf the ctroke.

The cumber of initial slits cut in the tude is oot critical. It
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must be at ieast b and need 10t exceed 16, The tube dismeter will
bave some bearing ou the number of slits, b and 16 slite wcrked equally
well in 2 inch diemeter tubes and 16 slits were quite satisfactory in

8 10 inch diameter tube,

The total snergy absorbed is made up Of t'Tee parts, the energy
required to split the tube, the enerygy required to coupress and bend
the ribbous, and the cnergy required to overcame ths frictlon of the
rings an the tube anl ridbbons. There is no simole method of separating
these three encrgy forms because the increased force caused by tighter
riags increeses toth the degree of material deformation and the rfriction.

The sizpicst sriangement for low enargy absorpiion 1s the tubde
eod eplit’ T vith oo contral ring. In this cese the splitter shown
in Plgore 3 s used. This splitter has a otralght gulde portion and
a cmicel Lagse. The base angle is usually 459 but may be sxytidang from
15° to 75°% Thc slope of the base affects the dismetor of the ribdon
colls and t.wough them the azount of { ICo ou the tube,

The morc sophisticatzd ring shown in Figure b 1e usumlly used with
a coutrol ring. It couslsts of an upper guide pcrtion that slips
into the tube, bleoding into a oloping cone which serves to expand the
tube and control ring so they will pass over the larger dianmeter of
the splitter; thc straight swelled partion rescts the squavzing Zorce
¢f the control ring, and flaally, the base cove provides a smooth
bearing swface for the ribbon coils. This ring ie s definite st-uct-
i al member which tust be designed in sccordance vith the waximum
expectod load in the tube. It also must ipzorporate a fitilng attackh-

ment for a particular strusture or landing foot.

_
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The control ring can be a simple tand for lov enerygy use 88 shovn
in (8) of Figure 5. This ring does not perform quite as vell as
type (b) end 18 used only vherc cost {e of mejor importance. Type (b)
has a btottom radjus deceigned to match the cwrvature of thc ribbom coll.
In this case the objcctive ie¢ to provide a vearing surface as large ao
pessidble to minlmize the cutward farce exerted on the bottom of the
ring by the moving riiwcns. The cantrol rinsg 1s stretched past ite
yicld point by the splitter ring. This ylelding establishes a kacwm
squeete force thit can be used as desicn deta. It also allows for
reasonable 1limits on manufacturing toleracces of the rings and tube
| withou! appreciably cha. . !.g this squcezc fcrce. The limiting furce

i a direct function of the cross sectionnl area and yleld strength of
i the ring.

The functional role of the control ricg is to reetrain the tube juat
enough to hold the load at a coastant level, There may be other wvays
of doing this and 8t1i) roll up the ribbons. Many diilferent approwches
vere tried during the dwvelcpment of the Dynasorb pricciple tut the
smooth ring with the large radius proved to be the beet and slizplest -
coafiguration. Further research might achieve control witaout the need
of such a stroong @ ipplog force. However, the present control ring

bas proved very setisfacto.y, und the design procedures thsl fcllowv

sre brsed on this concept.
TUBE DESIGR

Although design and ohoice of the cnergy tube follows ccaventiocral
prectice there wre a fev cnaracteristics that spply directly to this

use., Standard tubes may not be availeble in the slze anc materiul
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desired. A tube made from sheet msterial can perfora us well &s a
standard tube if the veld boad 1is wechined or growd flush with the
swface of tke parcct metal.

The critical locel bucklinz or coluaa strength o the tube defines
the upper load limit up to the tule yleld strenglas This optimsa tube

is defined by equations 10, 11, 12 and 13 of Ref. 1. Theae equations
ars repeated below:

S :(0:2#) 1/3 (1)
u‘2

R of 2Ll \1/6 (2)
,r?' E

t: (’*ri&: ) 12 (3)

t = P L
(25’& ;‘c,) \“)

Equation (%) iv used cnly whon P, of equetion (1) resches fgy, and
equation (1) ie limited to values belov Pcy’ Equation (2) is valdA
only for the radius wvhen P. 16 leas than Fcy,or for the minimm radius
for column stability. Eguations 1, 2 and 3 are plotted in Figures 5,

T and 8 for emsy vicualization of the limits,

Tbes upper and lower otres.. levuia 5f the difforent materiale are
shovn in Table 1, page 284 . This Teble 1is taken frca Ref. 3 and {s
based upun the tests described in that rejort. Oomevhat lover etress
lovals cao be used if no control ring 1s used and Sf the slops of tbe
bass 1s very wteep. Purther raductiocu could be sachieved vy deep scoring

of the tude tc out the splitting resistence to o winilmu.

L_ “See pape 22 for dafinition Of symbclA.
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Three of these matarials wed to be scored 13 all casss to insure straight

oplitting sl wiraw ribbon vidths, These tlree matarials ere copper,
nagoesiva =l titanium, 7The copper tubes split stralght vithout acoriog
but the splits tend tO stop snd the ridbons.becese too viiee. The usgnesium
tubos wpiit straight with a 3ig-ir3 «dge cn {he ribbon but the ridboos bLreek
up 12 the radius of curvature of the ribdbons s emsll. A4 ocored tulx splits
straight with a small scalioped dge cm the ribbons esud & small bend ralfus.
Titaniwm splits in an irregular skallov spiral. It wust be scored Jo- good
results. In all threo materials ths scored linas should have a depth cf _E_,
ru 1nto the eode of the starting splits, snd extend the ful) length of -
svailanle travel.

Comparative efficiepties of the dilfercut materials are ueeful in a
search for the lighcest welpit. Of course there are xeny o-her thinge to

oxeider so the cholce camnot rest soalely om velgat clcase %y capperiaca Ls

i v b e e o o M 200w S o Bl ol et

[T

o e

best showvn as a rutio vith magnesivn losded t0 {t3 yleld strcgs taken as iiy,

Tude Veight, v:PAL:.;T;‘_‘::P for wit length
c -]

substituting for Fe from‘'Equation 1.
v =ffkp2 )1/3 o PP
T xe2

Then, for the sswe 1oal 4n sach tvhe, end wesimdng ¥ 2 !-‘*B
e brog. (___"'x 2/3 (5)
“Fx Enag
or Smge 2 _Fx_ Fo (=} | (6)
Fey (uag)
from Equaticn (5) the eficleucy retios mre:
Masngsium = 1.00
Aluminua : 873
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Titaniu = «T18 10 652
Steel s «615
Bress P Bk
Copper = 380

Froe Equatica 6 the efficlency satios vill all be 1 vhen Fe(x) 181
Magnesiun = ?cy s 31000 pai
Aunioun 3 1456 Fey(Mag.) = L8500 psi

Titaniuc = (2.5 to 2.73)Pcy(mag.) = TT500 to 84500 psi
Steel = .43 Foy(Nag.) = 137000 pai
Brass 2 Le60 FoyiMag,) = L4000 pet
Copper = 4,97 Foy(Meg.) = 154000 psi

MAusiuus iv more efficient tnsn magreeium for siress levels abeve 48,500.

Titanium is more efficient above 77,500 psi, and a*ee]l 8o o 137,000 pel.
The bending stiffress of the ribbons is & me)or factor in the

steady load level of the tube. This stiffuess can be chsoged by clhenging

the initial c01l dismeter, vhich in twmu can be accaxplished by chsoging

tha slope of the splitter basc or the cove redius on the splitter bese.
Soae of the tests described in Ref. 3 were run without coatrol

rings and vith different ciopes of the erlitter bages. The radius of

curvature of the ribbons were noted as vell at the mean axial stresc,

This dats h=s beet plotted in Figure 9 of this report, Whare R is tho

coil radius to tbe center of ths ridbbom thickness, ¢t is the tube thick-

nesc, and Fe 1s “he mean copressive siress in the tube required to

split and roll ¢ the tube without a coatrol ring. Of the 11 materials

sbovn, 5 ed points cit of line. The others £1t the 3 or B pointo quite

wveall., In every omse but oon the thickness vas tbho seme for every test

[
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point in each material. The one exception wad 1015 steal vhere one
1 point vas obisuned from ¢ test Of & tuba with a 10 inch outside dismeter |
} and a vall thickness of .25 inches. The otber 3 pointe ceme from 2 inch J
;

i

{

k

b, 049 inch tubes. J
The general equation far these curves ist

rE R S 3

& R=c (n i

vhere C 1s different for esch matarial. 1

Since these curves, us sbown, are based on a wery limited oumber 4

of test points, accurate dasfinitior of the curves requires adiftiocnal test

i ‘ata, However, ths curves 1ndicate the relative level of stress developed I

for the vey

s thad mesaa. B Voo
- M ¥ - —— PR-8 — -y - -

e A -
T asvuaAUE WG WRWSTW V)

splitting resletance so thm high R regica should re. 1+t rare splitting
! t
] streas than bending. Alsc & radius of t vould be the absclute mintem

1 . becaus: th: radius reacics balf vay tizough the thickness, A praoctical
4 limit vould Ve mage like 3t. A small redius of curvature can onLy be
achivved with the a’d of a coutrol ring to force the ridoons to match
the cove redius of the splitter.

1
: Ths camstauts for tiw GilTercnl meieriais have been caiouisied snd
1

the equations for the curves of Figure 9 are given below:

207413 Aluntoum Alloy  Fg = (750& 2.02 (8
r - |
2 Bress Fo 2 [1.68(10)6 %]-695 (9)
: E 3
E : ] Coyper re = [1.0'3 %] «T55 (10)
' | 1 i AZ-31B Kagneeiun ) - (6000 3_)1-20 (11)
: F R

00 4020
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1015 Steed | A {25 (20)6 E) -590 (12)

N Ak ik

Stainless Steel A E.sa (m)l-l?d-sﬁe (13)

‘_ . . o N .
o N
2k BB 2 s ot ils

130 Steel H.T. 120,000
pai ' Fa :[2.0& (10020 ;{_]'“‘5 (av)

:
.

E | | ¥130 Steel H.T. "
, 160,00C psi F. :r.xs (20)8 'x?‘) -563 (15)
; {

U ey .

Ttantun (wnalloyed) r. :[7.9u (10)3 ¢ ] 5% (16)

, 6 AL LV Titentum Alloy Fo © 5.03 {10)% 3]'”" (17)
F I

DSICH OF SPLITDR RIS

el i et sk

The splitter ring will iocorporate a rfitting needed fcr attschmeat

()

te tha foot, skid or structuce, Only tuat portica needed to fulfill

2. A S e el e - o ol i bt

the requirepents for Dynascrb will be comsidsred bore, This ring vill

4

I , oormally be made of hard steel but can be made of othar materials

{ j as well,

The guide portion must either be long enuough to sustain a moneut

ol arad,

or be rounded sufficienatly that 4t wvill mot gouge the side of the tube,

~—
v n
PP QPTG T e

can be held in position, othervise its beight should be about 1/4 the

[
tube Aiameter. Tre rouncded top and short guide cen cnly be uted on 1 f

d
}
. 4
See Pipures 3 and ', The latter case will be bert Lf the vhole ring 1 ¥
E
periencoe no loed anld can be very thin. Good practice suggects a thicimegs

1

]

%‘ short colums. If the gulde 1a not subjected to bending 1t will exe
]
y

_ equal to or greater thea the tube thioimess. _1
‘] : The expamier coue sngle should be R wore them four dearees
]

C—

80 tho friotiom coafficlient betveen the coutral ring ond tube will be
gredter then the slcpe of the expender cooe. Expansion

‘

~ -'Acm'm'wm?;fcmqu

| . N . : c |

USSR ¥ C T F VR VEE SOV ¥ VDN I OY BU-PRpIY VO T ._.-..‘




Pe 2 Fye Ae Py = 20y,
ey T
Boz Pe4Pyz2|xe® | Fip t (19)
Do+ 2t Dg
Toe direct coumpressive stress in the sylitter ring will e
£y = Po(Ds - to) (20)
2 te llg
This stress xust be lcss than the biuckling or yleld ctrength cf thae
spiitter ring. The depth of this portica of the nplitter ring should be
;;;u 4020 -
' - LonREA VR ) R
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should be enmgh to positively yleld tbe coutrol ringe This means

4t muat excoed elastio deflecticn by at least 2%. A copssrvative
approach sssumes the elastio deflecticn of the splitter ring es equal
to the elesti: daf)ection of the coutrol ring. 7The minimum Alegeter
of the svellod portion of the splitter ist

Dy = D-2t ¢ 20 Tey +.020 :D(l.%‘.-pz:cx ) -2t (18)

The taickness of this portion of the splittor ring smust be such
that it vill not yleld or buckle under the squesezing ection of the
control ring end tube, The hoop tension etress Zn the cootrol ring

f{e equal to itc yiel stross. Likewise the tube vil2 have a Loop etyreos

squal to ils yleld ctrepgth over & chort leagta., This lact stateseat

) is subject to some doubt Lecause the svde of the splive extend

! oliphtiy under the comtrol ring so the effective lcugth of tube being
stretched to yleld ia uncertain., However, an exact value 1s not nreded
as loog a8 1t Lis near the correct one, The design coopressive redial

force acting ca the oplitter ring is the suc of thess two forces.

. —- ————

T D YUy DV

R e e



hmn e D q

REVISIONS pevont wo. _ 17201

LOCKHEED « CALIFORNIA COMPANY
2 DIVISION OF LOCKMELD AIRCRAFT CORPORATION

PAGE RO. l.g:‘

slightly greater thau the control ring.

The cove feels the full compressive load epplied Lo the tube
plus the outvard force produced by the friction restreint oun the moving
ribbons. The radius catches the desired radius of the ribbons.

If the desired or allovalle camprecsive strass {4 is known ths re-

quired thicknews t, can be calculated. Frua Equstion 20,
Py Do
Pg+ Olsfy

The base thickness vill depend upon how it 1is atiached to the

ty = (22)

structure or root,

DFSICN OF CONTRQL RING

Ths coatrol ring restrains the passage of the tube Letweon the |
rings. Thie is s.coepliched by on interforente fit betvsen the tube
and ring. Beceuse tte problem of controlling tolerances 1e too costly
for practical usc this ioterference is obtained by swelling the tube into
the ring by mesaas of the splitter ring. The control ring ie usually
designed to be stretched past its yield stress s a means f measuring
the magnitude of the restrainiug force it exerts ca the tuhs, If it
is wade of a material vith & sharp knee in the stress strain curve at
Yield tho stress level vill remain constant for a stretch of several per-
ceuntegs pcinte.

In operation ths tube 15 pushed betwten tbe control ring and splitter
ring forming curved ribbons es it is extruled. These ridbons exert an outwvard
pull ca the bottom of the ring that teads to rotste the top invard. This
texdency is greatest before the ring starts to move because static friction is a
little higner than moving friction. Those rings «re designed 0 minimize

this static rotaticaal condition. A redius at the bottum that patches

‘}ﬂ,’fi ’.s-.‘ '7' p/"‘ﬁ.‘?w ".*: T4l
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the cofl radius will keep the bearing stress st a miniaus erd thoereby

: reduce the outvard pull. Oreatar depth of the ring will cut the magni-

P tuls of the invard force at the top. If the ring 1s too eballow it will
chatter. If 1t 18 too decp it may have t0 be very thin. Depth also &dds
to the height of the splitter ring amd increases the total velght.

The required control ring aree is determined by the emount of
restraint neoded to support the design sxisl losd {u the tube. A review
K of the total restraint 15 neceded to arrive at & ressonsble spproach to
the calculation of the control ring area.

The total euercy io made uWp of ribbon bending, tube expansion and 1

eplittirg and frictiou. uae splittiag snd benling cen be cotbined in a

single constant for esch nmaterial. The remaining epergy *s directly relsted
to friction and the pressure exerted by the control ring. Te is

friction between the inaide of the tube end the aplitter ring as wsell

AENEN

as friction between the outaide of ths tube and the coatrol ring.

k", The eneriy absorbed in beading is directly related to the radius of
E’ curvative o/ the ritbons snd the thickness of tbe tube ao the constent
{

menitioned sbove can only fit one set of conditions.

Y r— —T
. .

v The cantrol ring 1s desimued to force the ritbon radius to match ’
' the cove radius 0 the splitter ring and to reise the total lumd level
L t0 seet the desisn condition. The total load casa be divided into tvo

prto, one part is the resistance to bending and splitting amd the other .

part is the reswi* of friction. In theory the firet part can be calculated 2

Cot s Vo o -
PO SV PP TS VN G UL YT are

TR

froa equstions 8 throuzh 17 or from Fiauwre 9. Actuslly it 4s only valid

» gy

in the region vhare R/t matches the test pointo shom in the figure.

.
-

L The sezond part can be calculsted if the ccefflicient of friction 4e
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xnown., Tha total load capability of the energy abscrber im question 1o:

P2Ky AbUNL Ag Ty (22)
This allows tvo surfeces of the tube aubjected t0 friction =od assunes
ths eme cosfficient far both: Ky is the axial tude stress ccised by tha
resistance to ritbon bending and splitting. “A" {s the tude ares, £ 1is
tha ccefficlent of friciion, A, is the cross sectional ares of cra side
of the control ring am Fyg 10 the teasile yield strength of the ¢c.atrol
ring, K, and f are given in Tadle 1 and are based 03 the teste of
Reference 3, . \urthsr tests may change these values,

From Equation (22)

- P - KAy 2 .
, i (23)

DESTMY DI CUSSION

The design of a complete erergy abiorpticn syctem cun beocwme quite
complex. The epergy tube ic only & szall pas-t of the total velght.
Light weight can only be achieved by careful attsntiocn to detalis: The

epergy tube i3 & coryression mepher and must be designad to receive omly

N ———— N SR AT i e

axial losds for greatest efficlency, 7his moans at least two other

L&

- -——y———

mesbers are needed to carry the othar load components. In some cawses

the ~1argy tube may be fixed at one end with no supporting members. In

thi. casa tha snergy tuba has a lov length to dismetar ratio and the

A T e

voriing strees is low.

If tho energy is absorbei vith a ccastant decelsratioa the losd

¢ pm— g —

vil]l be constant and thoa energy curve is a rectangle. The total energy

ir force times distence - F8., In terms of mass anl load festor it is
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¥a g 82 WaS, In terms of velocity and wmase it 1s llﬁ, then
8 ' 2

6z 2
W 1/21%/

- Vv 24
832 (24)

The distaace required to stop a given mass 1s directly proportional
¢o the velocity squared sxd icver.ly proportional to ths losd factcr.
The stopping dlstance shoulc “c as short as possible to attain maximum
a’ficieucy of the ohock absorpticp structure and simplicity of the mechanical
arrangamcnt. The Dynacoro unit provides a reasocasbly coustaat ioad over
the £l length of stroke, However, considarable fagenuity may be required
to provide a structure that will keep this member in compression thrceuch-
out {ts full stroke.

The simplest spplication would probobly be that of o safety burper
on an elevator. The elevetor cAge would be pguided by its guide tracks
80 the loadi oo the bumper could not be anytiaing out axial.

There are certein spplications wvhere it can supplement or syplant

e hydreulic cylinder. Cue example woulA he in

3
s‘
;

......
— e W A Vo WAAAMD B4

with side and dcag brages to eallov rotaticnal movemant to match tbe con-
traction of the energy absorberc A spring or short stroke hydrrulie unit
cta be used for the small shocks with tbe Dynancrd unit for safety,
See Figurss 10 & 1.

it can be used agr threc or more fixed leys ob & bax or psllet for

droppeld cargo. 12 this case each leg w-ould Lave imiividual feet and the

-

-
R S ST RIIVLOUL N i e B X BT

( tube would taper in thickpese tv previde a steedily increasing losd.
The legs would be short to prevent overturning. 8 ;
"
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A sx00d metly for a box or pallet vould have four pin ended
Dynssorb legs, eash with tvo braces for drag or eide Joal to form &
tripod vith a skid or ped at the spex. Tho two braces would rotate about
8 hinge lins a8 the onergy menber shortened. Sese FPFigures 12 and 13.

A thiri met™~* of landing & box or pallet would use a rigid fraze
for groud contact with four Dynascrb units es legs connesting the
four coruers of the irmme to the fcwr cornere of the box. Diagonal
tension wires or rods would take care of the ¢ide or drag loed with pleetic
stretch to account for the chenge in length ceused by the shorteniung of
the energy atsorber. Hee Figure 1k,

There are many possible uses anl matbods of adcpting the Dynasord
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D2SIGN SUARY
Ir the impact comiitions end the particular soufiguration geametry are
knovn the design of the energy wnit can proceed, The fallowing items
oust be determined:
i. Tube
s. Lengih
b. Dimmeter
¢. Material
d. Thickness
2, Splitter Ring (Raf: Fig. U)
2. Material

b. Guide Diameter (Ig)
c. Oulde Lengts  (H,)

FORW 4020
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4. Oulde Thickaess (ts)
e Length of Expsasioa Cone (Hc)

f. Dlsmeter of Swelled Portion of Ring (Dg) oY

5+ Thicknsss of Swelled Portion (t,)
h. Length of Swe)led Portion (H,)

1. Cove Radius or Base Angic (R.)

J. Bese Thickness (Hyp)

ke Base Diameter (D)
3. Coatrol Ring
a. Material
Y. Ares of Cut Through Oue Side
¢e Overall Length
4. Diameter
e. Thlcimess
f. Dottom Kadius

The tube length sust allow for fittings end lesve a small margin
for extra travel, The tube diameter iu determined frow Equatica (2),
page 6, Where R 1s the mcan radfus, This is & minimum dlemeter for
colum ctability, I% cap be larper 't —ust not be smaller.

The tube cateriaml 13 chosen arbitrarily. The Dypasord wnit re-
precents only n small peatica of the total weight of the energy
absorption system. If the load 1s lov it may only be possible with
aagnesiun. Heat tremted stsel will usually work tast.

The minimm tube thickuess 15 Jdeteruined from Equstiom (3) or (&)
page 6. It om be greater but never lese thea (3).
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The splitter ring is designad after the tube siie is xmown. If the
loal 15 high the material should be heot treatable steel, Tool steels
e best far this purpose. If the load {s low any material can be
used. Considerable wear csn result Lf the materlial is soft. A aard suwr-
face 18 deaireadle, making galling less likely.

The guide length is arbitrary, {t utould be not less than D/L except
ic those cases vhare lov load, short column leagth, sad a free pin
end is desired, In theee cases {t 3hould be well rounded on the exd to
prevent gouging the tube wall. This gulde dous resct scme moment in the
tube but the amount ie 4ifficult %o determipe,

The gulde dlmmeter should be siightly smaller than the inside of
ths tube, It should slip cesily into the tube vi dout slope A good
number 1s the inside tube diemeter less ,002" for each imch of tube
dismeter.

The guide thicknees 1s also arbitrary but should be at lesst equal
to ths tube thlickness. It could be calculated if the magnitulde of the
resysting ooment could be determined.

The length of toe expansiou cune will depend upon tha slope and
tbe tube Atmmeter. The slupe angle shou'd not be more than LO t¢ be sure
the slope is lesa than the coelficlent of friction. The length 1s
deternined by: tiis angle, ths outside dimmcter of the guide, end the
required expension as determined by Bquation (18), pege 1)

Tos dimseter of the svelled portion is determiaed by Equation (18)
page 11 . This can be variad some Sf the designer undsrstands the reason
for expanding the tube end coutrol ring.

The tihdcimess of the svelled partiocn 1s deterained by Bqusticm (21),

LR e o
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pege 12. It can be grester but shkould not be lees. This particn of

the splitter ring is subjected to & very high camprescive stress from

the squeezing action of tha tube end control ring. This cagpressive
stres. can be calculsted spprouimately vith Equation (20), page L1,

The length of the svelled portiom is arbitrary. It must provide
a good bearing surface far the control ring presswre. 1. {t {e¢ too
short the ring will chatter. It mbould bave & winimum length of D/b for

high load conditions but can be less 1f the loald 1s relatively light.

Crester leagth will give a smmoother operatiwn,

The cove radius or bes: angle are also rather urbitiary. Toe cove

radius capaot dbe less t.sn 3t. The ipsluded angle betvesn the strajzht

ol

slde snd couical base cannct be less than 1950, Thege conlitione Stva

Y

the tigirlest possible beni ralius and the highest enerzy abgorptioa

v
.

through materiel defamaticne A larger radlus or larger included ezgle
[ : vorks saoother but the frictilon portiea of epergy sbsarptiom is higner,
A god valus to use is 6t far the cove radius or 135° for the included
angle 4 a conical dase i3 used.

mmetmmnemu?cmrnmyw. It may be & part o

a fitting ant Ametoned by the ¢o4al Joad Mho el

SEETTTNe T SRS e

P N T
Widi WCT =

ntrdad Rtha &M il il

minimm if the base reats on or strikes a flat plate., In eny case it

sbruld be designed by the total expectsd axial lomd on the tube. '

e 4 A ekt Ae . e AR e e e A 0 s ratha

K
The base dlmeter of the sp & Fing must be lerge enowgh tc !

Y T PR w

, positively aplit the tube. The minimm outside Alemeter wust be (1¢e)D.

-y

Vhers e is the maximum ratio of the initial tube diemeter "D" to its

PPy 3

( posaible plastic stretch. A good vmlue in cost cages fs 1.3D.

The control ring materisl 1s chosen by the work it has tc do. It

Rl A

FORN 4020 t
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can be of any materitl but should have & conrtant yield atrength over
3 or M of plastic stretch. 4340 steel 1s a good material for this juce
pose,

The cantral ring &res is determined by Bquatioa (23), page 1%,
This ring 1s & teusior bexd and A, 18 a cross sectional ares of a cut
through oo sdde of the :ing.

The overall length of the ring 1o deterwmined by the bottom radius
and the length of the straight portica., The length of the straight
porticn must be equal to or less than the length of the svelled portion
of the splitter ring. In any case it should not be less thas D/h to
aveid possible chaiter.

Ths Aomstor chould ha eueh ¢hat the ring can e rurhued onto the
tube by hand. It must not be cc large ibat the notched tube will eplit
pefare the ring starts picking up the expansion loxi. A tight fit ir
better than s loose one.

The control ring thickness is calculated frcia the area and length
previocusly deterwinei. The bottom radius is not more than coe "t™ less
than the cove ralius.

P S Pt o

e 2 s - Aveve
DL Tdy bPds LA KN \rAddnd AL LA L LVi - D

The Dynasord unit is a constant lusl device under normal coniitions,
but can be asde to give a ccnamt;qr {ncreasivg loal by tapering the
tbe.

Although desisn procedures are atrsightforvard K some %esting 18 needed,
The design should also allov for some additional travel by making the

tude & little longsr than requirad.

From the tests reported in Reference L allowvence rmist be ande for
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s possible dyummic shock weve induced in tho tube from bigh speed 1

ixpact. Moxe experimsnts) vork is veedsd in this srea.

The design Lllustraticns shown in Figures 10 through 18 are sugcestad
spproschss to0 & few specific gpplications.

In conclusion it 1s agaln poincd out that thare 1s a need for
farther testing to estadlish more coxolete design data, This insludes
investigstions of the follcving vec-iat. onss

1, Waterials (types snd teazpers).

2. Tube dimensions (site effect, and variations ia ratio aof dicmeter)

- e s - -t it Ll s s,

to vall thickness). 1

3. Bffect of rate of loeilag (especially at velociiles fa the ‘
range of 20 to €9 £t/cec). l
4

Tte Dynas b coccfigwatica has walergons oulisclcat trsting to ‘
estahlish its charcsteristics myl svmeriar voergy absorptfm cgpadilities, !
However, aspecific spplicatioms will require developmeat toiting to somo
axtent, depending cn the cosplexity «f the irstalletion end tbho overwll
shock sbsarption requiremsentz, The additiunal test data shoull ba
[ ovtained, therefore, to wuske the Dynascrb principle more roadily useshle !
t0 the designer axd to minimizs tus required develcpwent effart for
spocific spplicatioos.

o additiaon to the need for obtaining mcre corlsts data oo the
standurd Dymasort coufigoxaiion, tiore 15 also ¢ rReod for derveloping
@ &ficient shock eboorption metbod 98 the very lov load reage. Tube
dlmieter and wall thlckness limitations prealule the vae o tubing
miarial for very lov loed requirenmsats. Py uring & ccluwn fedricated

of stabliilized vire In place of tuding, & lov low. Dyzasorb enecgy

108w 4020
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ebsorptica wmit 4o believed feaseadls. Davelopment of the vire atabilized

eoufigustion is recamendel 64 s additicnal step tovard meking the
Dynssord unit & wmesns of absorbing mechanical enargy over the complete
repge of prectical loed requiremcais.

Tube asea, 152

Croes secticoal sres, cne gide of control ring, 1n?
Constant

Tube outside dlsmeter, in.

Base &immeter, in.

Guide dirmeter, in.

-y b nendie & ot . a y -
Dlezmeter of suallsd UE Spihaiior, ii.

oé:gng:»E

Elcngstion ratlo

) 4 Hodulus cf elucticity, psi

4 Coefficient uf friction

t 99 Splitter v 11 stress, Dsi

Alloveble cospressive stress in tube, psi
’cy Compressive yisld strevgth of tube, psi

Fya Tieid sirengib, coumiral rirg in hoop tension, psi

Pyt Y1eld streagth, tul ; in hocp teasion, psi
g Aocelerstion of gravity, Ft/eec?
By Bese depth, in.

K, Cone depth, ia.

Hg Ouide deptl, in.

i, Bwellad szction depth, in.

K Tube buckling comstest, 35 to b5
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SYMECLS (Conte)

|
L

vx

b 4

Tube plastic defarmation constaat, pet
Tube leugth &8 & calum, in.

Losd fector

Load, 1bs.

Radial load in comtraol ring, lbs/in.
Rediel load in splitter ring, lbe/in.
Radial losd in tube, lbo/in.

Tube meen radius, in.

Cove radius

Distence, ft.

Tube vall thickpess, in.

Culde thicknecs, in.

Splitter vell thicknees, in,
Velocity, ft/sac.

Welght, lbe.

Welght of unspecified tube, 1bs.
Ixspecified number

Matarial density

oL 2.8 ~lg y =-wy =¥
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Maguesium AZ-1P 1,750 120 1,30 3,000

11,000 119 7,00 82,000

| M130 Steed E.T. 120,000 25,000 107 12,000 | 113,000
4130 Btesl E.T. 160,000 25,000 «10% 13,000 | 160,000

| 5130 Steel H.T. 200,000 25,000 2105 13,000 | 198,000
Btainloss Bteel Type 30N | 25,000 ? 12,000 | 100,000
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